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DIENCEPHALIC MECHANISM' OF CONTROL OF THE URINARY BLADDER
OF THE CATt
It has long been known that at the level of the midbrain pontine junction
there is a neural mechanism essential for micturition. Contraction of the
urinary bladder in response to increased intravesicular pressure is abolished
in the cat following a subcollicular, but not after an intercollicular decere-
bration.' Electrical stimulation of the brain stem at the level of the inferior
colliculus evokes bladder contraction, whereas bilateral chronic lesions in
this area results in making cats incapable of completely emptying the blad-
der.2 These experiments led Barrington to the conclusion that this area con-
stitutes a reflex micturition mechanism. The presence of Barrington's
micturition center in the brain stem has since been confirmed.89'12 In recent
years, however, many investigators have stimulated more rostral portions of
the brain and observed contractions of the bladder. These reactive regions
are the rostral portion of the midbrain, and the posterior and anterior
hypothalamus,' septum pellucidum and medial preoptic area,5"' the putamen
and pallidum and the area around them as well as the genual gyrus," and
the cruciate sulcus.9 Each of these areas described is in proximity to another
reactive area, and therefore it is difficult to determine whether responses
obtained by stimulation of the hypothalamus are due to excitation of cells
or of fibers constituting a descending pathway. It is the purpose of this
investigation to clarify this point by comparing (i) the bladder responses
obtained following electrical stimulation of the hypothalamus in cats having
chronic lesions at the preoptic level with (ii) the responses obtained in
normal animals.
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METHODS
In a series of 32 normal adult cats under chloralose (70 mg./kg. body weight, i.p.)
or pentobarbital sodium (36 mg./kg., i.p.) anesthesia, the diencephalon and midbrain
were electrically explored point by point through stereotaxically oriented concentric
electrodes for bladder responses. The current was supplied by a Grass model S4 stimu-
lator, which gives rectangular pulses. Stimuli of 2 to 6 volts, 2 to 60 per sec., and
10 msec. in pulse duration were routinely used. The bladder was exposed through a
midline abdominal incision, and a plastic cannula inserted into the urethra and passed
up into the bladder. In most experiments changes in bladder pressure were recorded by
means of a water manometer, and in a few experiments by means of a tambour. An
attempt was made to keep the initial pressure within the bladder at 60 to 80 mm. of
water at the beginning of each experiment. Blood pressure was recorded from the
femoral artery with a mercury manometer, and respiration by means of a pneumograph
and tambour arrangement.
In 11 cats, electrolytic or radioactive lesions were placed in the preoptic region with
the aid of a stereotaxic instrument.* Pentobarbital was used for anesthesia. The elec-
trolytic lesions were made in 4 cats (63, 64, 67, and 68) by passing a direct current
of 3.0 ma. for 60 sec. through insulated bipolar electrodes with the tips exposed for a
length of about one centimeter.
Lesions with implanted radioactive substances were made in the other 7 cats. In cat
54, three glass radon seeds (0.4 mm. in diameter, 6.0 mm. in length, and each con-
taining 0.02 millicurie) were implanted in a row across the preoptic area. Radon emits
both beta and gamma rays and has a half life of 3.85 days. In three cats (56, 57, and
58), three rods of radioactive palladium"0 were deposited in the preoptic area of each
cat with a specially built attachment for the stereotaxic instrument.t Three palladium
rods (0.8 mm. in diameter and 8 mm. in length) were first encased in a polysterene
block through which three parallel holes had been drilled for them. The block was then
subjected to neutron bombardment at the Brookhaven reactor. At the time of opera-
tion the polysterene block was mounted on the attachment, and the radioactive palla-
dium rods were deposited in the preoptic region. Each was estimated to have 2.0 milli-
curies of beta radioactivity with a half life of 13 hours. Palladium spheres were used
in cats 41, 45, and 48. Two palladium spheres (1.0 mm. in diameter, with 2.0 millicurie
radioactivity each) were placed in the preoptic region with a modified stereotaxic
manipulatort (for technique, see Boyesen and Campbell.4). Lesions produced by radio-
active substances were slowly progressive and were usually not maximal until 5 to 14
days had elapsed. The common characteristic of the lesions in all 11 cats was that they
separated the hypothalamus from the telencephalon at the level of the anterior com-
missure. After periods ranging from three weeks to two months, the cats were anes-
thetized with chloralose and the normally reactive areas in the hypothalamus and mid-
* Ledercillin Parenteral was used during the postoperative recovery period, and the
antibiotic was supplied to us in generous amounts by Lederle Laboratories Division.
t We wish to express our gratitude to Dr. Harald H. Rossi of the Department of
Radiology, Columbia University, for his helpful suggestions in designing the instru-
ment, and to the Engineering Department of Becton, Dickinson & Co., Rutherford,
N. J., for constructing the first pilot model.
t We wish to express our appreciation to Dr. Svein Boyesen for preparing these cats
with lesions produced by the radioactive palladium spheres.
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brain were excited using the same technique as in the control experiments. At the end
of each acute experiment, the brain was perfused with 10% neutral formalin, and sub-
sequently embedded in celloidin and sectioned at a thickness of 25 ,A. Selected sections
were stained with a Nissl or Weil stain and examined in order to determine the extent
of the lesion and the location of points from which contractions of the bladder were
elicited.
S~~~~~~~~~~~~~~~~~~
FIG. 1. Bladder responses following stimulation of the medial preoptic area with low
frequencies. Cat 9, weight 2.8 kg. Pentobarbital anesthesia. Respiratory movements
recorded with pneumograph and tambour, arterial pressure with mercury manometer
connected to the femoral artery and bladder pressure recorded with water manometer.
Time marker, 10-second intervals.
At 1. Stimulated with 5.2 volts and 8 per second.
At 2 and 3. Frequency reduced to 4 and 2 per second, respectively. The response at
3 resembles the spontaneous contractions of the bladder.
At 4. Repeated at 8 per second, a large contraction of the bladder was again obtained.
RESULTS
Bladder responses in normial cats. It appeared that under chioralose
anesthesia the urinary bladder exhibited spontaneous changes in tone more
often than under pentobarbital anesthesia and was generally more reactive
upon central stimulation. The responses thus elicited usually had a latency
of two to three seconds, while in another two or three seconds a maximum
pressure of about 60 to 120 mm. of water was reached; this was usually
sustained for the duration of stimulation. In stimulating the septal and pre-
optic area with a weak current, the bladder response was a series of small
contractions resembling the normal spontaneous activity of the bladder, or
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a larger contraction consisting of several step-like contractions. If the
strength of the current was increased from 2 or 3 to 5 volts, or the fre-
quency of the stimulus was increased from 2 to 10 or 15 per second, the
series of bladder contractions previously obtained with the weak stimulus
was fused into a smooth contraction (Fig. 1). With higher frequencies
FIG. 2. Bladder responses following stimulation of the ventromedial hypothalamus
with various frequencies. Cat 10, weight 3.0 kg. Pentobarbital anesthesia. Other details
as in Figure 1.
At 1. Stimulated with 6 volts and 10 per second.
At 2. Stimulated at 5 per second.
At 3. Stimulated at 30 per second.
such as 20 to 60 per second, the bladder responses were usually as large, or
larger (Fig. 2). Only occasionally did stimulation at the higher frequencies
produce a fall of bladder pressure. This occurred especially when the blad-
der exhibited relatively high initial pressure and vigorous spontaneous con-
traction. When the hypothalamus was stimulated at low frequencies, such
as 10 per second, unsustained responses were also occasionally observed.
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FIG. 3. Composite drawings of a few selected coronal sections of the cat's brain
indicating responsive regions for sustained bladder contractions. Horizontal-lined,
moderate responses; cross-hatched, marked responses. The number under each figure
represents the distance in mm. from the inter-aural plane of the stereotaxic instrument.
For details and abbreviations, refer to Jasper and Ajmone-Marsan.'
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Stimulation at the level of the caudal portion of the midbrain ventral to
the inferior colliculus always produced maximal bladder contractions. These
were associated with pressor responses, apnea, and arching of the back. A
constant relationship between bladder contraction and vasomotor or respira-
tory responses was not found in any other area stimulated.
The distribution of the reactive points at different levels of the forebrain,
diencephalon, and the midbrain is shown in a series of cross sections (Fig.
3), which are very similar to those reported by Kabat, et al.,7 and \Vang
and Ranson." In the forebrain the anterior border of the reactive area wvas
about 2 mm. rostral to the anterior commissure. The reactive regions cor-
respond to the septum pellucidum, the area around the anterior commissure
and stria terminalis, and the nmedial preoptic areas. At the level of the
diencephalon, bladder responses could be obtained diffusely in the hypo-
thalamus, particularly around the fornix and the supramlanmmillary commis-
sure. At the level of the midbrain, the reactive points were located in the
lower and peripheral portions of the periventricular gray matter, and dif-
fusely in the tegmientum about the central tegmleintal tract. At the most
caudal region stimulated, a highly reactive area lay just ventral to the
inferior colliculus and medial to the brachium conjunctivum.
Chlroniic lesionis in the preoptic regioni. After recovery from the opera-
tions, the animals were in good health and ate well. Despite the large size
of the lesions made (Fig. 4), especially with the radioactive palladium rods
(Fig. 5), the cats were in excellent condition, possibly due to the fact that
the lesions developed slowly over several days and might have allowed time
for compensation within the nervous system. There was, however, one
interesting neurological involvement shown by most of the operated cats.
This consisted of the development of alternate rhythmnic flexion of the
forelimbs, which occurred while the animals were staniding or lying, or
when held with their feet suspended in the air. \Vith each flexion of
the forelimbs the claws were adducted and with each extension the claws
were abducted. In some of the cats this rhvthm-iic milotionv was associated
with a posture, including arching of the back and flexion of the hind limbs
while standing. These cats were very clumsy at running and usually held
their tails and hind limbs extended. No other behavioral changes were
observed.
Bladder responises in cats with clironic preoptic lesionis. In these operated
animals, it was relatively difficult to find points that yielded bladder con-
tractions and, when found, the size of the contractions was always small,
about one quarter of the normal pressure increase in most cases (Fig. 6).
Characteristic of the responses obtained on stimulation of the hypothalamus
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FIG. 4. Composite drawings of coronal sections through the lesions of the eleven cats
with lesions in the preoptic area. The lined area indicates maximal destruction lesion.
Cats 41, 45, and 48-lesions made by radioactive palladium spheres. Cat 54-lesions
made by radon seeds. Cats 56, 57, and 58-lesions made by radioactive palladium rods.
Cats 63, 64, 67, and 68-lesions made by electrolysis.
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FIG. 5. Photomicrographs of the brain at the level of the optic chiasma showing
lesions made by the radioactive palladium rods, Cats 56 and 57.
FIG. 6. Bladder responses following stimulation of the posterior hypothalamus in
cat 57 with lesion shown in Figure 5. Weight 2.6 kg. Chloralose anesthesia. Time
marker 7.5 second intervals. Other details as in Figure 1.
At 1, 2, and 3. Three different points stimulated with 5 volts and 10 per second.
Note that the bladder contractions were small and are not sustained and were
accompanied by pressor responses.
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was that, in addition to being smaller, they rose to their maximum pressure
in about seven seconds and then abruptly declined with the bladder relaxing
to its resting volume in ten to fifteen seconds despite the continued stimula-
tion (Fig. 6 and Fig. 7, points 3 and 4). The bladder responses, when
obtained, were usually accompanied by pressor responses.
FIG. 7. Bladder responses following stimulation of the caudal midbrain and the
posterior hypothalamus in cat 68 with lesions shown in Figure 4. Weight 3.1 kg.
Chloralose anesthesia. Bladder pressure recorded with a rubber membrane tambour.
Time marker 15 second intervals. Other details as in Figure 1.
At 1. A point at the caudal midbrain level (Barrington's micturition center) stimu-
lated with 8 volts and 30 per second. Note the large sustained contraction, which
was obtained on stimulating the same region later at 5.
At 2, 3, and 4. Three different points in the posterior hypothalamus stimulated with
8 volts and 10 per second. Note that only small unsustained contractions of the
bladder were obtained.
In all the operated cats only once was a sustained bladder response ob-
tained following stimulation of the hypothalamus (cat 48); in this animal
the lesion was found to be relatively small (Fig. 4).
The most rostral level at which bladder responses were obtained in
animals with preoptic lesions was a section through the anterior hypothala-
mic area (Fig. 8). Seven cats were stimulated at this level. Responses were
obtained only in cat 54, in which the lesion did not completely obliterate
the lower part of the septum pellucidum. The most rostral level at which
responses were consistently obtained was at the level of the rostral border
of the ventromedial hypothalamic nucleus. The reactive points were in that
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nucleus and grouped medially and laterally in the region of the column of
the fornix. At the level of the rostral border of the posterior hypothalamus
one out of the three cats stimulated gave relatively large unsustained
FIG. 8. Composite drawings of a few, selected coronal sections of the brain indicating
responsive regions for bladder responses in cats with chronic preoptic lesions. Dot,
unsustained contractions with pressure rise of 1-20 mm. H20; dot within circle, 21-40
mm. H20; dot within two circles, 41-60 mm. H20; single or double circles within
squares, sustained bladder contractions.
responses, which were grouped medially to the column of the fornix, near
the posterior hypothalamus nucleus and the caudal portion of the ventro-
medial hypothalamic nucleus. All six cats stimulated at the level of the
rostral border of the mammillary bodies gave unsustained contractions of
moderate size. The responsive points were in the posterior hypothalamic
nucleus and in the lateral hypothalamic area. All four cats stimulated at a
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level through the middle of the mammillary bodies gave small or moderate
responses throughout the supramammillary commissure and lateral hypo-
thalamic area. At the level of the posterior commissure small responses
were obtained about the central gray in four of the seven cats stimulated. At
the level of the inferior colliculus large, sustained responses were obtained
in all of the five cats stimulated (Fig. 7, points 1 and 5).
In one cat in which radioactive palladium spheres were placed too
anteriorly, normal sustained bladder contractions were evoked on stimula-
tion of the hypothalamus.
DISCUSSION
Typical bladder responses obtained from preoptic or diencephalic points
are either a series of small contractions or a smooth, sustained con-
traction for the duration of electrical excitation, depending upon the
strength or frequency of the stimulus (Figs. 1 and 2). These responses
have been shown to be mediated by the parasympathetic nerve supply to
the bladder through the sacral roots.'3 As is well known, it is not possible to
determine whether the cells or the fibers in the responsive area are being
stimulated. However, since the general opinion in regard to the conduction
of visceral impulses in the brain stem favors conduction by chains of short
neurons, as Kabat, et al.,7 suggested, it is possible that both cells and the
fibers in the reactive region take part in the forwarding of impulses to the
bladder and that there may be many synapses between the preoptic area and
the level of the inferior colliculus. The absence of the sustained "parasym-
pathetic" type of bladder responses in cats with chronic preoptic lesions as
shown in the present series of experiments indicates that very few, indeed
if any, of the cells representing the bladder in the preoptic area could
synapse before reaching the micturition mechanism at the midbrain pontine
junction.
The small, unsustained responses elicited from the medial and posterior
hypothalamus in the cats with chronic preoptic lesions resemble those occa-
sionally elicited from the same areas in the control preparations. It may be
argued that these small contractions obtained in cats with chronic lesions
resulted from stimulation of a few relay neurons in the hypothalamus or
from stimulation of small numbers of fibers descending from cells not
obliterated by the lesion. However, this type of unsustained response is not
generally associated with submaximal stimulation; when it is, a series of
small contractions generally results (Figs. 1 and 2). On the other hand,
unsustained contraction of the bladder has been reported to occur upon
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stimulation of the hypothalamus after section of the sacral roots or atro-
pinization."3 The responses also resemble the unsustained contractions of the
bladder which result from stimulation of the peripheral sympathetic nerve
supply to the bladder."0," The association of these responses with pressor
reactions suggests that they may be mediated through the sympathetic sup-
ply to the bladder. It is to be pointed out here that according to Beattie and
Kerr3 stimulation of the posterior hypothalamus yielded a fall in the intra-
vesicular pressure, which they interpreted as due to excitation of the sympa-
thetic supply to the bladder. This discrepancy in the bladder responses
obtained from the hypothalamus might be related to the initial tonus of the
bladder and also to the frequency of the stimulus used.
The function of the medial and posterior hypothalamic bladder repre-
sentation in the act of micturition is not clear. The small, unsustained con-
tractions obtained there on stimulation may represent contraction of the
trigone. Fibers from the preoptic region may synapse with the cells in the
posterior hypothalamus for the purpose of integrating the influences on the
bladder acting through both parasympathetic and sympathetic innervation.
The depth of anesthesia maintained in acute stimulation experiments may
influence the extent to which a pattern of activity can be evoked from
a point. However, the responsive region at the level of the caudal midbrain
is the only one stimulated which gives any indication of being a center for
micturition in the sense that it appears to be capable of coordinating
autonomic and somatic responses into a fragmentary representation of the
act of micturition.
CONCLUSIONS
Sustained bladder contractions were elicited in cats by stimulation of the
preoptic area, the septum pellucidum, the medial and lateral hypothalamus,
the central gray matter, and the area about the central tegmental fasciculus
in the midbrain. In animals with preoptic lesions, stimulation of the hypo-
thalamus did not yield such sustained bladder responses, suggesting that in
the intact animals the sustained bladder responses were due to stimulation
of fibers with their cells of origin located in the septum pellucidum and
medial preoptic area. In these animals, small, abrupt and unsustained con-
tractions of the bladder were occasionally obtained on stimulating the
ventromedial and posterior hypothalamus and rostral midbrain. These
results are discussed in terms of the sympathetic and parasympathetic
innervation of the bladder.
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